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ON MANIFOLDS
BY STEPHEN SMALE* (Received December 5, 1960) 1. By extensions of our methods of a previous paper [7] , hereafter referred to as GPC, we prove the following theorems. They are all generalizations of results in GPC.
(1.1) THEOREM. Let Cn be a contractible Co compact manifold with simply connected boundary where n # 3, 4, 5, 7. Then Cn is diffeomorphic to the n-disk DI.
(1.2) COROLLARY. If n # 4, 5, 7, there is a unique Co-structure up to diffeomorphism on the n-disk. The second corollary is a strong version of the differentiable Schoenflies problem, n i 4, 7. Mazur's theorem [3] had already implied that C was homeomorphic to Dn.
Two abelian groups, Fn and An, studied by Milnor [4] , Munkres [6] , and Thom [8] , have been found to be important in the theory of differentiable structures on manifolds. The group rn is the group of diffeomorphisms of Sn-1 modulo those which can be extended to DI. It has been identified with the set of differentiable structures on SI compatible with the standard triangulation of Sn (see GPC for more details and references for all these things discussed in the Introduction). The group An is the group of those differentiable structures on Sn which, minus a point, are diffeomorphic to En. In GPC it was proved that An, n # 4 is the group of all differentiable structures on SI.
On the other hand a group fJCn of homotopy spheres of dimension n under "J-equivalence" has been studied by Kervaire and Milnor [2] . They have shown Mn is finite, n ? 3, and have computed the order of MI, tures on SI, n * 4, 6.
We also obtain here (1.6) THEOREM. Combinatorial analogues of (1.1) and (1.2) are valid with diffeomorphism replaced by combinatorial equivalence. We refer the reader to GPC, beginning, for the proof that (1.1)- (1.7) follow from the next two theorems. Then f and g are differentiably isotopic.
2. We emphasize that we are assuming the notation and terminology of GPC. We will prove H; fig, . .. *,fr-k; s + 1)) = 1
Then VeJC(n, r -Ic s + 1).
We first note that (1.8) follows from (2.1) and the arguments of GPC. Also, since the proof of (1.9) involves nothing beyond straight-forward application of methods of GPC and this paper, we omit it. Hence it remains to prove (2.1). We use the following special case of a very recent As has been observed by Milnor [5] , one can prove this by using the work of Whitney [9] . See also [1] .
The following theorem extends Theorem (2.1) of GPC. The proof is the same but uses Theorems (2.2) If we generalize the definition X(M; Pig ..., kP) of GPC to include the case of handles of more than one dimension, we have X(H; fJ) is diffeomorphic to X(H1; fi' #2, . . . # *k) where H1 = X(D2m+1; *H). Then we have X(H; fl) is diffeomorphic to X(H2; #2, * * *#J) where H2 = Xl(H1; Ji). By
